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Effects of various cultivation systems on soil water
space-time dynamics and yield of rainfed spring maize

BAI Xiang-bin' > YUE Shan-chao' LI Shi-qing' CHEN Ying-ying’
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau Northwest A&F University Yangling
Shaanxi 712100  China; 2. College of Natural Resource and Environment Northwest A&F University Yangling Shaanxi 712100 China)

Abstract: To assess the impacts of different cultivation systems on the characteristics of spacesime dynamics
on soil moisture and water use efficiency ( WUE)  which could be helpful for increasing grain yield and WUE in
dryland maize production in semi-arid regions a field trial was conducted at the Changwu experimental station in
2012 and 2013. Four treatments were carried out including farmers’ practice( N 200 kg * hm > ridges covered
with plastic film CK) T1 treatment ( N 380 kg * hm > ridges and furrows both covered with plastic film) T2
treatment ( N 225 kg * hm ~> + Organic fertilizer ridges and furrows both covered with plastic film) T3 treatment
(N 225 kg * hm > + Organic fertilizer ridges and furrows both covered with plastic film and removing plastic film
at silking stage) . Compared to farmers’ practice T1 T2 and T3 treatments could not only efficiently use water in
the 0 ~ 100 em soil layers but also use water in the 100 ~200 cm soil layers. At harvest no significant differences
in soil water content were observed between treatments. Water consumption levels during the whole growing stage of
the four treatments were in the order of T3 >T2 >T1 > CK and the grain yields followed the same. Because the
rate of yield increase was higher than that of water consumption the water use efficiencies of the four treatments

were also found to be in the same order as T3 >T2 >T1 > CK. In conclusion the cultivation systems that ridges
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and furrows both were covered with plastic film improved not only grain yield but also water use efficiency espe—
cially in the plots where plastic film was removed at the silking stage. This cultivation system could be helpful for
increasing grain yield and WUE of dryland maize in semi-arid regions.
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Fig.1 Distribution of precipitations during 2012-—2013 in Changwu
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1 0 ~200 cm
Table 1~ Dynamics of soil water storage in different soil layers and 0 ~200 em soil water storage
at the mature stage of rainfed spring maize under different cultivations
Soil water storage /mm
Soil L/i;:; Treatment 2012 2013
PT ~ V6 V6 ~R1 R1 ~R6 R6 PT ~ V6 V6 ~R1 R1 ~R6 R6
Tl 10.5a —108.5a 49.8ab 483.9a 19.5a —101.8a 41.8ab 462.5a
T2 12.3a —120.9a 44.8ab 469.4a 22.5a -97.2a 55.2a 463.0a
0~200 T3 13.0a —130.2a 71.0a 482.9a 15.4a -114.2a 59.1a 459.4a
CK 16. 1a —66.6b 35.6b 490.3a 10.8a -33.5b 27.9b 465.9a
T1 5.4a -82.6a 81.6ab 18.9a -61.1a 30.0a
T2 3.2a -86.7a 73.8ab 17.1a -51.5a 41.9a
F100 T3 5.4a -93.9a 91.9a 11.0a -79.2a 40.2a
CK 12.2a -50.4b 62.1b 9.1a -33.2b 13.6b
Tl 5.1a -25.9b -31.8a 0.6a -40.7a 11.8a
T2 9.1a -34.2a -29.0a 5.4b —45.7a 13.3a
100~200 T3 7.6a -36.3a  -20.9a 4.4 _35.1a 16.7a
CK 3.9a -16.2b -26.5a 1.7a -0.3b 14.3a
5%
Note: Different letters meant significant differences at P <0.05 level.
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Fig.2 Vertical dynamics of soil water content in 0 ~200 c¢m soil layer by different cultivations on rainfed spring maize
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Fig.3 Water consumption corn yield and water use efficiency ( WUE) by different cultivations on rainfed spring maize ( mean + SE)

3
2012 100 ~ 160 ¢m 2013
60 ~ 140 cm
19 .
22 -24 26
20 .
(7 14 ) . .
0 ~200 cm o
100 ~200 cm
0 ~100 cm . V6 ~RI 7,
0 ~100 cm
100 ~200 cm _
0 ~100 c¢m o 0 ~200 cm 19203 .
CK>TIl >T2 >T3
¥, 2012 Tl
02 T2.T3 CK
T1.T2.T3 CK 0 ~200 27.6% 27.7% 32.3% (P <0.05)
cm T3 . 2013 CK T1.T2.
. T3 21.7%-.29.9% .23.7%. CK
T3 T1.T2.T3 9.4% .14. 8% 15.
. 7% 4.7%  3.8%15.2% . 2012
T1.T2.T3 CK 39.4% \41. 6% «
52.2% T3 ;2013
T1.T2.T3 CK  27.4% .34.
o 8% 42.4% TI T2 ™ 11.8% 5.

7%

25



2001 15(1):14.
10 GuoAH LiFM Wei Hong. Effects of clear plastic film mulch
on yield of spring maize J . Field Crops Research 1999 63:

170 33
. Tl 79-86.
380 kg « hm 2 11 Ravi V. Lourduraj A C. Comparative performance of plastic
mulching on soil moisture content soil temperature and yield of
rain fed cotton J . Madras Agric J 1996 83:709-711.
12
- ° I 2000 21(4):1447.
13
4 I 2007 25( S1) :194496.
14
] 2008 26(6) : 1828.
15 J.
2007 23(8):20-=21.
WUE. o 16
. I 2011 25(5):
204-208.
' 17 Bouyoucos G J. Effect of temperature on the movement of water
0 ~200 em o . . S .
vapor and capillary moisture in soil J . Journal of Agriculture
Research 1915 (5) : 141472.
18  Cary ] W. Water flux in moist soil: Thermal versus suction gradi—
ents ] . Soil Science 1964 100:168-475.
19 Zhou LM Li FM Jin S L. How double ridges and furrows
° mulched with plastic film affect soil water soil temperature and
yield of maize on the semiarid Loess Plateau of China J . Field
Crops Research 2009 113( 1) :41-47.
1 20
J J. 1998 24( 3) :348-353.
2008 26( 1) :141. 2
5 J. 1989 9('1) :97-98.
22 J.
J. 1999b 19(2) :259-264.
2001 16(5) :427-432.
3 Fernando R M Pereira L S.
23 J .
I 1999 (6):
2001 38(3) :353-356.
45-50.
24
4 J
I 2002 18(6) :50-54.
2003 23(5) :10034011. 25
5 Boers T M Zondervan K Ben-Asher J. Micro-catchment-water— J
harvesting ( MCWH) for arid zone development J . Agricultural 2007 15(2) : 54-58.
Water Management 1986 12:21-39. 26 .
6 2010 21( 12) :3029-3035.
I 27
1997 15(1) :843. ] . 2011 35
7 (8):825-833.
I 1999 19(2) :57-62. 28 LiuCA Zhou LM JiaY etal Effects of plastic film mulch
8 and tillage on maize productivity and soil parameters J . Euro—
J . 2000 28(4) :16-20. pean Journal of Agronomy 2009 31:241-249.
9 . J. 29 N

T 2012
19(2) :212217.



